Objective: To compare the implications of four widely used cholesterol screening and treatment guidelines by applying them to a population in the United Kingdom. Design: Guidelines were applied to population based data from a cross sectional study of cardiovascular disease and risk factors. Setting: Newcastle upon Tyne, United Kingdom. Subjects: General population sample (predominantly of European origin) of 322 men and 319 women aged 25-64 years. Main outcome measures: Proportions recommended for screening and treatment. Methods: Criteria from the British Hyperlipidaemia Association, the British Drugs and Therapeutics Bulletin (which used the Sheffield table), the European Atherosclerosis Society, and the American national cholesterol education programme were applied to the population. Results: Proportions recommended for treatment varied appreciably. Based on the British Drugs and Therapeutics Bulletin guidelines, treatment was recommended for 5.3% (95% confidence interval 2.9% to 7.7%) of men and 3.3% (1.5% to 5.3%) of women, while equivalent respective values were 4.6 (2.3 to 6.9) and 2.8 (1.0 to 4.6) for the British Hyperlipidaemia Association, 23% (18.4% to 27.6%) and 10.6% (7.3% to 14.0%) for the European Atherosclerosis Society, and 37.2% (31.9% to 42.5%) and 22.2% (17.6% to 26.8%) for the national cholesterol education programme. Only the British Hyperlipidaemia Association and Drugs and Therapeutics Bulletin guidelines recommend selective screening. Applying British Hyperlipidaemia Association guidelines, from 7.1% (4.3% to 9.9%) of men in level one to 56.7% (51.3% to 62.1%) of men in level three, and from 4.4% (2.1% to 6.7%) of women in level one to 54.4% (48.9% to 59.9%) of women in level three would have been recommended for cholesterol screening. Had the Drugs and Therapeutics Bulletin guidelines been applied, 22.2% (16.5% to 27.9%) of men and 12.2% (8.6% to 15.8%) of women would have been screened. Conclusions: Without evidence based guidelines, there are problems of variation. A consistent approach needs to be developed and agreed across the United Kingdom.
Introduction
Considerable attention has been focused recently on promoting evidence based practice and the potential of guidelines to inform and support appropriate care and changes in clinical behaviour. [1] [2] [3] Guidelines have been drawn up on the prevention of coronary heart disease-in particular, on the screening and management of patients with lipid disorders. Guidance on the use of statins, based on the Sheffield table, 4 was recently circulated to all doctors in the United Kingdom. 5 There are important differences in the recommendations of the major guidelines, however, yet neither these differences nor the implications for clinical practice have been studied.
We have applied data from a population based survey to the different guidelines for a population aged 25-64 years. 6 We aimed to describe the potential implications of differences in commonly available and widely promoted guidelines produced by the British Hyperlipidaemia Association, 7 the British Drugs and Therapeutics Bulletin, 8 the European Atherosclerosis Society, 9 and the American national cholesterol education program. 10 
Methods

Recruitment and data collection
The data used in this paper are from the Newcastle heart project-a population based study of coronary heart disease, diabetes, and associated risk factors in the general (predominantly of European origin), Chinese, and South Asian populations of Newcastle upon Tyne. 6 We have used data from the general population for this paper. This was a population based sample from the patient register of the Newcastle Family Health Services Authority, the list of all individuals in Newcastle registered with a general practitioner. We took an age and sex stratified random sample of those aged 25 to 64 years after removing any Chinese sounding names (less than 0.5% of the sample). density lipoprotein cholesterol concentration was calculated using the Friedewald formula. 
Cardiovascular data
Subjects had two blood pressure measurements. These were made by trained observers using a standard mercury sphygmomanometer with an alternate size cuff. 13 A 12 lead electrocardiogram was recorded with the subjects at rest. The findings were coded according to the Minnesota manual by two independent observers; a third observer was used where the two disagreed.
14 Each subject completed a questionnaire, which included items on diabetes, hypertension, coronary heart disease, and stroke (all diagnosed by a doctor); smoking status; causes of death in any parents or siblings who had died; and the World Health Organisation questionnaire on intermittent claudication. 15 For women, the questionnaire also inquired about age at the time of the menopause, and any factors affecting its onset. Local ethical committee approval was received for the study and all subjects gave informed consent before participating.
Applying the guidelines
Space does not permit a detailed description of the guidelines. Here, we have focused on the people for whom the guidelines recommend intensive treatment in the form of rigorous dietary intervention under- Death from coronary heart disease in father or male sibling aged <55 or in mother or female sibling aged <65 ---Yes pinned by professional dietetic advice, with or without drug treatment. Table 1 summarises how we applied each of the guidelines to the data. The European Atherosclerosis Society and national cholesterol education program guidelines specify two target levels for active intervention: one for drug treatment (if a trial of dietary intervention fails) and the other for intensive dietary intervention only. Table 2 gives the definitions of the different conditions and risk factors we used in applying the guidelines to the study population.
Data analysis
Data were analysed using SPSS software. Results are presented for 20 year age groups and for all ages (25-64 years) for men and women separately. The results for all ages were age adjusted to the 1991 England and Wales male and female populations respectively. Confidence intervals were calculated using Confidence Interval Analysis software (BMJ Publishing, London).
Results
Altogether 322 men and 319 women aged 25-64 were screened, giving a response rate of 67%. Most subjects were European; 10 men and four women had South Asian sounding names. 11 Table 3 shows the percentages of men and women with the risk factors and conditions used in the analyses. The age adjusted total cholesterol concentrations were mean (SD) 5.6 (1.1) mmol/l in men and 5.4 (1.2) in women; the mean high density lipoprotein cholesterol concentrations were 1.3 (0.4) mmol/l and 1.6 (0.4) respectively; and the mean low density lipoprotein cholesterol concentrations were 3.4 (1.1) mmol/l and 3.2 (1.0) respectively. Table 4 shows the proportions of men and women who would be screened for cholesterol concentration if the guidelines of the British Hyperlipidaemia Association and the Drugs and Therapeutics Bulletin were followed. The proportions vary widely from 4.4% in women of all ages on the first level of the British Hyperlipidaemia Association guidelines to over 50% for both men and women on the third level. Table 5 shows the percentages of men and women recommended for treatment according to the different guidelines. In both men and women, the highest percentages recommended for treatment are associated with the national cholesterol education program guidelines. Here 37% of men and 22% of women met the criteria for active intervention, approximately evenly divided between those who would be recommended for intensive dietary treatment only and those who would be recommended for drug treatment if figure) . Only 2.2% of the population were recommended for active intervention by both guidelines; an additional 2.1% were recommended by the Drugs and Therapeutics Bulletin guidelines only and 1.5% by the British Hyperlipidaemia Association only. The figures for the British Hyperlipidaemia Association guidelines in table 5 apply to the whole population-that is, irrespective of whether the individuals met the criteria for screening by these guidelines. The figures are lower if they are based only on those individuals who meet both the screening and treatment criteria. Thus, the percentage of men and women who met level one screening criteria and treatment criteria were 2.7% and 1.4% respectively, while proportions for level two were 3.0% and 1.4% and those for level three were 3.7% and 2.4%. For the men and women together, the sensitivity (those defined as needing treatment who would be screened divided by all those needing treatment) for screening level three was 83.3%, and the specificity (those defined as not needing treatment who would not be screened, divided by all those not needing treatment) was 45.5%. The criteria for screening and treatment for the Drugs and Therapeutics Bulletin are such that all those who meet the criteria for treatment also meet the criteria for screening, giving, by default, a sensitivity of 100%. The specificity was 86.6% for men and women together.
Discussion
Strengths and weakness
This paper aimed to describe the differing implications of commonly available and widely promoted British (British Hyperlipidaemia Association, Drugs and Therapeutics Bulletin), European (European Atherosclerosis Society), and American (national cholesterol education program) guidelines for the management of hyperlipidaemia. To apply the guidelines to our data we needed to make several assumptions, sometimes because of the vagueness of the guidelines and sometimes because of the limitations of our data. These included, for example, basing "a strong family history of premature coronary disease" on reported death from coronary heart disease in a first degree relative, as we did not have data on non-fatal events in relatives.
Three of the four guidelines considered state explicitly that treatment decisions should be based on more than one cholesterol measurement. Our data are based on a single fasting measurement, and, undoubtedly, repeat measurements on subjects whose initial concentrations had been high would have reduced the numbers recommended for treatment.
In addition, our data are from a population based survey with a response rate of 67%. This survey may have underestimated the prevalence of coronary heart disease and some risk factors. For example, in the health survey of England, those subjects who consented to a blood test had a lower mean systolic blood pressure and lower prevalences of smoking and coronary heart disease. 16 Comparing our data, in 10 year age groups, to those from the health survey of England suggests that the prevalences of smoking, obesity, and hypertension (defined as >160/ 95 mm Hg or taking antihypertensive treatment) in men are similar to those for England as a whole in 1993/94. 17 The prevalence of hypertension in women in our sample is around half that found in the health survey. However, the data we used here are broad and have enabled us to apply most criteria from the different guidelines. Thus, although we cannot claim that our results reflect accurately the proportion of the population who require treatment in a clinical context, we are confident that they do reflect reasonably the relative differences between the guidelines for screen- Table 5 Proportions recommended for active lipid lowering treatment by the different guidelines. Percentages for 25-64 years are directly age standardised to 1991 population of England and Wales ing and treatment, and this was the primary purpose of this study.
Implications of the findings
There were wide differences between the implications of some of the guidelines. The highest proportions of men (37%) and women (22%) came within the treatment category where the national cholesterol education program guidelines were applied. The proportions of men and women recommended for treatment by the guidelines of the British Hyperlipidaemia Association and Drugs and Therapeutics Bulletin were similar-men 4.6% compared with 5.3% and women 2.8% compared with 3.3% respectively. However, the individuals who would have been treated differed ( figure) .Thus, it is not simply that some guidelines suggest more aggressive intervention but also that they advise treatment for different subgroups. It is also clear that even the most liberal screening criteria recommended by the British Hyperlipidaemia Association (level three in table 1) would not identify all patients recommended for treatment by those guidelines.
Balancing considerations of sensitivity and specificity is a common problem in defining screening criteria. In this context it is worth noting that the recent Effective Health Care bulletin on cholesterol and coronary heart disease comes down firmly against universal cholesterol screening. 18 It also argued cogently that guidance must be based on the assessment and management of overall cardiovascular risk and not just one aspect, such as the cholesterol concentration.
A questionnaire survey of health authorities or boards in the United Kingdom in 1994 found considerable variation and inconsistency in local criteria for cholesterol testing and treatment. 19 Our local experience suggests there is much heterogeneity-guidelines of the British Hyperlipidaemia Association, European Atherosclerosis Society, and criteria based on the Sheffield table were used, and, most recently, guidance has been issued from the Standing Medical Advisory Committee based on the Sheffield table. 5 The implication is that there are considerable inconsistencies in the management of hyperlipidaemia within the United Kingdom. It has been previously observed that locally produced guidelines for the use of anticoagulants in atrial fibrillation and widely used hypertension guidelines also differ greatly in their implications for numbers treated. 20 21 Clear guidance needed The need for consistent clear guidance on screening for and management of hyperlipidaemia is ever more pressing as evidence of the effectiveness of newer but expensive agents, the statins, accumulates. [22] [23] [24] Unfortunately, recent guidance issued to all doctors in the United Kingdom 5 falls short of what is required-it considers only drug management, fails to present the evidence, and ignores issues of cost effectiveness. 25 It adds to the confusing array of guidelines illustrated in this paper rather than helping to identify and resolve the reasons for differences between them.
The major lipid management guidelines published to date have depended upon consensus development processes and not on the systematic evidence linked review of published reports that is now recognised as a necessary part of the process of developing scientifically valid guidelines. 26 27 Furthermore, none of the guidelines have addressed the economic and service consequences of their application as part of their development process. The need for explicitly derived, scientifically valid guidelines that include a consideration of costs is clear.
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Key messages
+ Several widely available guidelines give different advice for managing hyperlipidaemia + Proportions of the population deemed eligible for screening and treatment can differ considerably between guidelines + Even when the proportions eligible for treatment are similar, the individuals often differ + There are probably inconsistences in the management of hyperlipidaemia in the United Kingdom + Explicitly derived, scientifically valid guidelines that include a consideration of costs are urgently needed
